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1. Field of the Invention. 

[001] The invention relates to communication systems and circuits, and in particular to 
a method and apparatus for rapid generation of frequency specific signals. 

10 2. Related Art 

[002] To obtain the desired information during reception of a signal, communication 
devices often isolate a signal which is located at a particular frequency. Likewise, during 
transmission of a signal, a communication device may utilize one or more signals at 
precise frequencies to modulate the outgoing signals to a desired carrier frequency. 

15 These are but a few of the numerous communication operations and signal processing 
tasks that rely on generation and use of a signal at a precise frequency. 
[003] In addition, modern communication devices often utilize numerous signals at 
different frequencies. For example, code hopping communication protocols often shift or 
change the frequency of the signal. Other instances, when it may be necessary to utilize a 

20 different frequency, are when changing communication channels due to channel 
problems or when switching between cellular base station sites during travel. Systems 
other than communication systems must also generate and use signals at precise 
frequencies to achieve operation. Hence, there exists a need in the art for a method and 
apparatus to synthesize signals of a specific frequency. 

25 [004] One example environment where such a need exists is in a communication 
transmitter and communication receiver. In such an environment a mixer or other device 
may utilize a signal at a particular frequency as a tuning signal to isolate a desired signal 
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from among numerous signal components in a received signal. Other applications also 
exist, which would be understood by one of ordinary skill in the art, where it is helpful or 
necessary to rapidly generate a signal at a precise frequency. 

[005] A phase-locked loop is often used to generate a signal at a particular frequency. 
5 A phase-locked loop, in its most basic form, comprises a closed loop frequency control 
circuit which detects a phase difference between input and output signals to control an 
oscillator, such as for example, a voltage controlled oscillator. While these circuits 
worked well in prior art communication systems, the demands of modern communication 
devices, and the communication protocols employed, have strained the capability of 
10 traditional frequency generating circuits. For example, communication protocols or 
standards often demand rapid switching between signal frequencies or use of multiple 
signals at different frequencies. 

[006] One drawback revealed by prior art signal generation systems, for a given cost 
target, is an inability to rapidly generate signals at different frequencies, i.e. change a 

15 signal's frequency, even when the frequencies are relatively close. As outlined above, 
traditional phase-locked loops (PLL) are indeed control loops that generate a signal with 
a loop frequency that approaches a desired frequency over time. As such, the time 
constant of the loop controls the rate of change and thus, the ability of PLL to quickly 
change frequency. Prior art PLL circuits are simply unable to rapidly change the 

20 frequency of their output signals, even when the change in frequency is quite small. An 
undesirably slow rate of change of a PLL can be a significant disadvantage and result in 
inoperability with certain systems. 

[007] One proposed solution is to utilize more than one PLL within a device. This 
proposed solution, however, also has drawbacks. One such drawback is that two or more 
25 PLLs create interference, such as EMI, that cross contaminate the synthesized signals. 
This generates undesirable spurious tones and phase noise, or generation of spurious 
signals that can result in the generated signals being unusable by precision oriented 
communication transceivers. 
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[008] One proposed solution has been to construct the PLL with highly precise, but 
expensive, discrete modular components. The resulting device requires shielding to 
protect the components from the EMI. While this solution has been widely adopted, it 
increases the cost of the signal generating systems. Moreover, the size and complexity of 
5 the signal generation system is increased as are the number of circuit board traces 
required for implementation. As is generally understood, an implementation utilizing 
discrete components located in an EMI shielded enclosure is not a desirable solution to a 
prior art problem in the electronic arts. 

[009] Thus, there is an unsatisfied need in the art for a method and apparatus to generate 
10 a highly agile, low phase noise, frequency specific, signal synthesizer. 
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Summary 

[010] A highly agile low phase noise frequency synthesizer is disclosed. As an 
advantage over the prior art, the frequency synthesizer disclosed herein is capable of 
5 rapidly generating signals at different output frequencies while maintaining low cross- 
coupling. In one embodiment two or more signal generators utilize a reference frequency 
to generate two or more signals which are provided to a switch. The system switches 
between these signals to rapidly output a signal at a desired frequency. 
[Oil] These signals may be optionally processed or sent through a limiter, or buffer, or 

10 both, to reduce cross-coupling prior to being presented to the switch. Responsive to a 
control signal the switch outputs one of the signals to a frequency modification device, 
such as for example a frequency divider or multiplier. In addition, it is contemplated that 
the limiter or buffer may be located after the switch. Responsive to a control signal, the 
frequency modification device scales the frequency of the switch output to convert the 

15 frequency of the switch output to a desired output frequency. A controller, such as a 
processor, digital signal processor, or control logic for example may generate the control 
signals. The control signals synchronize operation of the switch and the frequency 
modification device to apply the proper degree of frequency modification based upon 
which input signal is output by the switch. By maintaining sufficient frequency 

20 separation between the switch input signals cross-coupling and phase noise is minimized 
and implementation on an integrated circuit may be achieved. 

[012] In one embodiment a method is provided for rapidly generating a signal at an 
output frequency for use in a communication device. This method comprises providing a 
reference signal at a reference frequency to a first signal synthesizer configured to 
25 generate a first signal at a first frequency and then generating the first signal with the first 
signal synthesizer. This signal may be limit processed or passed through a buffer to 
reduce harmonic cross-coupling to thereby create a processed first signal. This method 
also provides the reference signal at the reference frequency to a second signal 
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synthesizer configured to generate a second signal at a second frequency. The second 
signal may then be limit processed or passed through a buffer to reduce harmonic cross- 
coupling thereby creating a processed second signal. 

[013] The processed first signal and the processed second signal are provided to a 
5 switch which, responsive to a control signal, selectively outputs either the processed first 
signal or the processed second signal. The method then, responsive to a control signal, 
selectively divides or multiplies the frequency of the signal output from the switch to 
thereby rapidly generate a frequency specific signal for use in a communication device. 
[014] In one embodiment the first signal synthesizer and the second signal synthesizer 

10 comprise phase locked loops. In one embodiment limit processing comprises converting 
a sinusoidal signal to a signal more closely resembling a square wave signal. It is 
contemplated that dividing, multiplying, or shifting may comprise modifying the 
frequency of the signal output from the switch in proportion to the ratio of the output 
frequency to either the first frequency or the second frequency. 

15 [015] This method may further comprise utilizing one or more additional signal 
synthesizers to generate one or more additional signals at one or more additional 
frequencies. It is contemplated that the first signal synthesizer and the second signal 
synthesizer may also generate signals at frequencies in addition to the first frequency and 
the second frequency. 

20 [016] Also disclosed herein is a method for generating an output signal at one or more 
output frequencies by generating a first signal at a first frequency and generating a second 
signal at a second frequency. This method then provides the first signal and the second 
signal to a switch which selectively outputs either the first signal or the second signal 
from the switch to a frequency modification module. The frequency modification 

25 module selectively modifies the frequency of the first signal, the second signal, or both 
and then outputs the first signal or a frequency modified first signal during a first time 
period and outputs the second signal or a frequency modified second signal during a 



CWM-W-0266 



PATENT 

W&M Matter No. SKYWKS.0027P 
Skywork's Docket No.: 03SKY0020 

second time period. In this manner, signals of different frequencies may be output and 
rapid shifting or switching between signals may occur. 

[017] In one embodiment, the first frequency and the second frequency are non-integer 
multiples to reduce cross-coupling in the switch and in the circuit in general. It is also 
5 contemplated that the method may further comprise performing a limiting function on at 
least the first signal or the second signal to reduce cross-coupling and the limiting 
function may comprise converting a sinusoidal signal to a square wave signal. 
Alternatively or in addition, the first signal or the second signal, or both may pass 
through a buffer. 

10 [018] In one embodiment the frequency modification module does not modify the 
frequency of both the first signal and the second signal. In one embodiment the 
frequency modification module may modify the frequency of the first signal by an 
amount different than the amount of modification to the frequency of the second signal. 
[019] Also disclosed herein is a system for generating an output signal, wherein the 

15 output signal is capable of switching between two or more output frequencies. In one 
embodiment the system comprises two or more signal generators configured to generate 
two or more signals, such that each signal is at a different frequency. Also included is a 
switch configured to receive at least two signals of the two or more signals and, 
responsive to a control signal, output a switch output comprising one of the two or more 

20 signals. A frequency modification device receives the switch output and modifies the 
frequency of the switch output to a desired output frequency. 

[020] In one embodiment the two or more signal generators generate signals that are at 
frequencies that are non-integer multiples. Thus, the two or more signals are selected to 
minimize cross-coupling between the two or more signals. The system may further 
25 comprise a controller configured to generate one or more control signals wherein the 
control signals synchronize switch output with frequency modification device operation. 
[021] It is further contemplated that the system may further comprise a limiter or buffer 
configured to modify the two or more signals prior to switching to reduce cross-coupling 
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between the two or more signals within the switch. For example, the two or more signals 
generated by the two or more signal generators may comprise non-square wave signals 
and the limiter may be configured to convert a signal to a format more closely 
approaching a square wave signal. In one embodiment, a buffer is utilized before the 
5 switch to reduce cross-coupling while a limiter may be utilized after the switch. In such 
an embodiment, placing the limiter after the switch does not introduce harmonics or 
mixing products. In one example environment, the output signal is for use as a local 
oscillator signal in a wireless communication device. 

[022] In one embodiment a system is provided for rapidly switching the frequency of an 
10 output signal between a third frequency and a fourth frequency. This embodiment 
comprises a switch configured to receive a first signal at a first frequency and a second 
signal at a second frequency and responsive to a control signal output either the first 
signal or the second signal. A frequency modification device is configured to receive the 
switch output and, responsive to a control signal, increase or decrease the frequency of 
15 the switch output to either the third frequency or the fourth frequency. To oversee 
operation and synchronize the switch output with the amount of frequency modification, 
a controller is configured to provide a control signal to the switch and the frequency 
modification device. In one embodiment, the frequency modification device comprises a 
frequency multiplier configured to multiply, divide, or shift a received signal by a value 
20 necessary to modify the frequency of the received signal to either the third frequency or 
the fourth frequency. 

[023] One or more limiters or buffers may be added to the system and configured to 
modify at least one input to the switch to thereby reduce cross-coupling between the first 
signal and the second signal. Although the first frequency and the second frequency are 
25 selected to reduce cross-coupling between signals, the limiter or buffer will further 
reduce coupling. Because of these cross-coupling mitigation techniques, the system may 
be embodied in an integrated circuit. 
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[024] In one embodiment the system further comprises at least one signal generator 
configured to generate the first signal, the second signal, or both, and the controller is 
further configured to provide a control signal to at least one signal generator to control 
which frequency is generated. In this manner, a signal generator may selectively 

5 generate a signal that may be controlled to be at different frequencies. 

[025] Other systems, methods, features and advantages of the invention will be or will 
become apparent to one with skill in the art upon examination of the following figures 
and detailed description. It is intended that all such additional systems, methods, features 
and advantages be included within this description, be within the scope of the invention, 

10 and be protected by the accompanying claims. 
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Brief Description of the Drawings 

The components in the figures are not necessarily to scale, emphasis instead being 
placed upon illustrating the principles of the invention. In the figures, like reference 
5 numerals designate corresponding parts throughout the different views. 

Figure 1 illustrates a block diagram of a first example environment of use of the 
invention. 

Figure 2 illustrates a block diagram of a second example environment of use of the 
invention. 

10 Figure 3 illustrates an example embodiment of a dual synthesizer signal generator. 

Figure 4 illustrates a block diagram of an embodiment of the signal generator having 
two or more frequency synthesizers. 

Figure 5A illustrates a detailed block diagram of an example embodiment of a 
precision, high-agility frequency synthesizer. 
15 Figure 5B illustrates a block diagram of an example embodiment of a divider or 

multiplier circuit. 

Figure 6 illustrates an example embodiment of a tuning bank. 

Figures 7A and 7B illustrates an operational flow diagram of an example method of 
operation of an example embodiment of the invention. 

20 
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Detailed Description 
[026] Figure 1 illustrates a block diagram of a first example environment of use of the 
invention. The example environment shown in Figure 1 comprises a wireless 
communication device but it is noted that this is but one possible example environment of 
5 use. It is contemplated that the invention may find use and benefit in numerous other 
environments both in the communication field and other fields of use. 
[027] The embodiment of a wireless communication device shown in Figure 1 comprises 
an outer housing 104 configured to protect and selectively enclose the internal electronic 
apparatus. An antenna 108 receives incoming signals and transmits outgoing signals. The 

10 antenna 108 may be located inside or outside of the housing 104. A duplexer 1 12 connects 
to the antenna 108 to route incoming signals to a receiver apparatus, shown as the upper 
path from the duplexer 1 12 and route outgoing signals to the antenna. 
[028] The duplexer 1 12 connects to a receiver apparatus to hereby route received signals 
to a low noise amplifier (LNA) 116 that is configured to increase the signal power level for 

15 a particular frequency band to a level appropriate for processing by subsequent apparatus. 
The LNA 116 output connects to a filter 120 which may be configured to perform additional 
filtering or processing, such as for example band pass filtering or processing to mitigate the 
effects of the wireless channel. 

[029] After filtering, a mixer 124, also known as a down-converter, processes the received 
20 signal in conjunction with a signal from a signal generator 128. The mixer may be 
configured to extract a baseband signal by multiplying the received signal at a carrier 
frequency F C i with a signal from the signal generator that is also at the carrier frequency F C i. 
As is well understood, the mixer 124 outputs the desired baseband signal. 
[030] The output from the mixer 124 feeds into a baseband processor and controller 140 
25 that is configured to receive and process the incoming baseband signal. In one embodiment 
the baseband processor and controller 140 converts the incoming signal to a digital format, 
processes the digital signal, and then creates an analog signal which is provided to a speaker 
144. Alternatively the digital signal may be provided directly to a data port 148. In this 
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embodiment the baseband processor and controller 140 is in communication with the signal 
generator 128 to synchronize operation. 

[031] The baseband processor and controller 140 is also configured to communicate data 
to and from a user interface 152, such as one or more keys or buttons, and a display 156 
5 configured to display text, graphics, or other information to a user. 

[032] To perform transmission to outgoing signals, the baseband processor and controller 
140 may receive a signal from a microphone 160 or digital data from the data port 148. 
Upon receipt of an outgoing signal, the baseband processor and controller 140 processes the 
outgoing information to a baseband signal and outputs this baseband signal to a mixer 164, 

10 which may also be referred to as an up-converter. The mixer 164 multiplies the baseband 
signal with an input from the signal generator 128 at the desired carrier frequency Fc2, 
which may or may not be identical to Fci. The resulting outgoing signal comprises the 
baseband signal modulated to the carrier frequency and is ready for filtering and processing 
by the filter 168 and then amplification by a power amplifier 172 to a power level suitable 

1 5 for transmission by the antenna 1 08 after passing through the duplexer 112. 

[033] It should be noted that the signals F C i and F C 2 may be relatively close in frequency. 
Likewise, if it is required to change F C | to F'ci, such as to change communication channels, 
i.e. frequency, it is contemplated that these frequencies may also be close. For example, Fci 
and F'ci may be within 6 MHz. In another embodiment it may be desired to have Fci to 

20 F'ci within 30 kHz. These values and ratios are provided for purposes of discussion and to 
aid in understanding the invention. It is contemplated that these frequencies may be 
dependant on the particular communication standard in use and hence the claims that follow 
are not limited to these frequencies. 

[034] In many situations it may be necessary to rapidly change the frequency of signals 
25 output from the signal generator 128. Examples of situations when a change in a mixer 
input signal may be desirable include when changing channels in a multiple channel 
communication system, when changing between base stations or other situations when 
moving to a different carrier frequency for a transmitted signal or receiving is necessary or 
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desired. To accurately and rapidly synchronize the transmitter or receiver systems to the 
new frequency it may be necessary for the signal generator to rapidly generate a low noise, 
highly accurate signal at the desired frequency. In addition, the signal generator should not 
generate unwanted electro-magnetic interference (EMI) or be undesirably complex or 
5 expensive to fabricate. Thus, the signal output from the signal generator 128 should be free 
from cross-coupling. The term cross-coupling as used herein is defined to mean cross- 
contamination between signals, such as may occur between signals within a communication 
device. Cross coupling may comprise but is not limited to phase noise, EMI, cross-talk, 
inter-modulation distortion, spurious degradations, and spurious noise. 

10 [035] Figure 2 illustrates a block diagram of second example environment of use of the 
invention. Figure 2 shares numerous similarities with Figure 1 and thus only the aspects that 
differ from Figure 1 are discussed in detail. Figure 2 is directed to a base station 208 or non- 
mobile communication device configured to communicate with one or more other 
communication devices. In this configuration, which may represent a base station 

15 communication system 208, the baseband processor and controller 140 communicate with a 
network interface 204. The network interface 204 may be configured to receive one or 
more signals or packet-based-data from the processor and controller 140. The one or more 
signals or packet-based-data is output to a computer network, internet, PSTN, or other 
medium that interfaces with a telephone network, data network, or cellular communication 

20 system. When configured as a base station 208, the system shown in Figure 2 facilitates 
completion of a mobile telephone call, such as for example a telephone call from a cell 
phone to a land line. These calls are often completed via the network interface 204 of the 
base station 208. 

[036] As described above in conjunction with Figure 1, base stations must often change 
25 channels which requires that the frequency of a signal within a transceiver be matched or 
related to the carrier frequency of the incoming signal. Moreover, as a cell phone moves 
into a base station's coverage area, the base station must dynamically react to the incoming 
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devices by accurately and quickly generating a signal at the selected frequency to accept the 
active call. 

[037] Figure 3 illustrates an example embodiment of a dual-frequency signal generator. 
This is but one example embodiment and it is contemplated that other embodiments may be 
5 arrived at by one of ordinary skill in the art. As shown, a first frequency synthesizer 304 
and a second frequency synthesizer 308 receive a signal at a reference frequency. The 
reference frequency may be generated in any manner known in the art including but not 
limited to a crystal, VCO, other type of oscillator, or any other source. Responsive to the 
signal at the reference frequency, the first frequency synthesizer 304 and the second 

10 frequency synthesizer 308 generate signals at different frequencies. 

[038] The first frequency synthesizer 304 and the second frequency synthesizer 308 may 
comprise hardware, software, or both configured to generate signals at the desired 
frequencies. The frequency synthesizers 304, 308 may comprise any means for generating 
the signals. In one embodiment the frequency synthesizers 304, 308 comprise phase-locked 

15 loops configured to generate a signal at a frequency that is multiple of reference frequency. 
[039] The output of the first frequency synthesizer 304 and the second frequency 
synthesizer 308 connect to a switch 312 configured to selectively output either the signal 
from the first frequency synthesizer 304 or the signal from the second frequency synthesizer 
308. The switch output connects to a scaler 320, which may also be referred to as a 

20 frequency modification module. The switch 312 is responsive to a switch control signal 
generated by a controller 324. The controller 324 may comprise any type of control device 
including but not limited to control logic, a processor, a digital signal processor, one or more 
logic devices, ASIC, or any other type controller or processor. The controller 324 may be 
configured to utilize software code. Thus, responsive to the switch control signal from the 

25 controller 324, the switch 312 selectively outputs either the signal from first frequency 
synthesizer 304 or the signal from the second frequency synthesizer 308. 
[040] The scaler 320 comprises a frequency modification device configured to modify the 
frequency of either the signal from the first frequency synthesizer 304 or the signal from the 
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second frequency synthesizer 308. In one embodiment the scaler 320 comprises a frequency 
multiplier, a frequency divider, or both configured to modify the frequency of a signal It is 
also contemplated that the scaler 320 may comprise a mixer, any frequency conversion or 
translation device. The amount of modification or scaling done to a signal is generally in 
5 proportion or related to which signal is output by the switch 312. 

[041] In operation, the first frequency synthesizer 304 and the second frequency 
synthesizer 308 generate predetermined signals to which each synthesizer has been tuned. 
The reference frequency F re f may be used as a base frequency for use by the first frequency 
synthesizer 304 and the second frequency synthesizer 308. Thus, the frequency of the signal 

10 So from the first frequency synthesizer 304 and the signal Sa from the second frequency 
synthesizer 308 may be related to the reference frequency F re f, such as a multiple or ratio. 
[042] In one embodiment the frequencies of the signals Sn and So are widely spaced to 
thereby prevent cross-contamination or interference between frequencies. In one 
embodiment the signals Sn and Sa are separated by greater than 6 MHz. In one embodiment 

15 the signals Sn and Sa are separated by greater than 30 kHz. In one embodiment the signals 
Sn and So are at frequencies that are related by non-integer multiples. For example, the ratio 
1:2 and 1:3 are integer multiples whereas the multiple 1:1.5 is a non-integer multiple. 
Signals at non-integer multiples may be selected to reduce or minimize cross-coupling 
between signals and within the switch. 

20 [043] It is contemplated that the first frequency synthesizer 304 and the second frequency 
synthesizer 308 may be running and active at the same time and thus, operation at different 
frequencies or non-integer multiples reduces interference, such as EMI. As a further 
advantage, frequencies at non-integer multiples do not create overlapping harmonics. Such 
interference may be further reduced by subsequent processing and operation, which is 

25 described in detail below. 

[044] Responsive to the control signal from the controller 324, the switch selectively 
outputs either Sfi or Sf2 to the scaler. Because the frequencies of Sfi or Sf2 are related or 
separated as described above, the switch is able to provide adequate isolation between the 
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inputs and the output is thus free or mitigated of cross-coupling, cross-contamination or 
EMI. Absent such frequency separation, the switch 3 12 may be unable to provide adequate 
separation. In one embodiment it is desired that the switch provide at least 60 dB of 
separation. In one embodiment it is desired that the switch provide at least 80 dB of 
5 separation. In one embodiment it is desired that the switch provide at least 20 dB of 
separation. 

[045] The scaler 320 modifies the frequency of the signal to the desired signal. Thus, it is 
contemplated that the signals Sfi or Sf2 generated by the first frequency synthesizer 304 and 
the second frequency synthesizer 308 are not the final signal which will be output by the 

10 signal generator as shown in Figures 1 and 2. The frequency scaling performed by the 
scaler 320 allows the signals generated by the synthesizers 304, 308 to not be at the desired 
output frequency and thus, need not be closely related in frequency. As a result, use of 
signals at frequencies that cross-couple or with overlapping harmonics is minimized or 
eliminated. The output of the scaler 320 may be provided to mixers as shown in Figures 1 

1 5 and 2 or any other device. 

[046] Figure 4 illustrates a block diagram of an embodiment of the signal generator having 
two or more frequency synthesizers. The system of Figure 4 shares numerous similarities 
with the system of Figure 3 and as such, only the aspects that differ are discussed in detail. 
As shown in Figure 4, two or more signal generators 404A-404N are configured to generate 

20 the signals Sn, Sa through SfN, where N is any whole number. The use of numerous signal 
generators 404 allows the system to generate additional frequencies. 
[047] As shown, at least one of the signal generators 404 receives a control signal that is 
generated by a controller 408. The controller 408 may be configured similar to the 
controller described above in Figure 3. The control signal generated by the controller 408 

25 may be used to control any aspect of the operation of the signal generators 404. It is 
contemplated that each signal generator may be configured to generate or synthesize more 
than one signal or frequency. In such an embodiment, the control signal may be used to 
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identify or specify which of the two or more frequencies a signal generator will generate and 
output. 

[048] As shown, each signal generator 404 has an output connected to a multiple input 
switch 412. The term switch 412 as used herein may comprise any switching device, 
5 including but not limited to a multiplexer, RF switch, PIN diode, or any other switching 
device. The switch 412 receives a control signal from the controller 408 and the control 
signal determines which input signal the switch will provide as an output. It is desired that 
the switch 412 have isolation or separation between each input and between each input and 
the output to reduce cross-coupling. 

10 [049] The output of the switch 412 connects to a frequency scaler 416, which also receives 
a control signal from the controller 408. The control signals provided to the signal 
generators 404, switch 412, and scaler 416 synchronize operation of each device. Thus, 
when the switch 412 is controlled to provide the signal S n from the signal generator 404A at 
a frequency fj to the frequency scaler, then concurrently, the control signal provided by the 

15 controller 408 to the scaler 416 forces the scaler to modify the frequency of the signal Sn by 
a matching scaling factor to thereby generate an output signal at a desired output frequency. 
It is contemplated that the scaling factor may increase or decrease the frequency of a 
received signal. The output from the scaler 416 may be further processed or provided 
directly to a receiver apparatus or transmitter apparatus, such as for example a mixer. 

20 [050] As an advantage of the method and apparatus shown in Figure 4, one or more of the 
signal generators 404 may be configured to generate more than one frequency thereby 
expanding the frequency generating capacity of the system. This provides the advantage of 
increased capacity and capability of the system without needlessly duplicating circuitry. 
[05 1] Turning now to Figure 5 A, a detailed block diagram of an example embodiment of a 

25 precision, high-agility frequency synthesizer is shown. This is but one possible embodiment 
of a frequency synthesizer and as such, one of ordinary skill in the art may develop other 
alternative embodiments that do not depart from the scope of the claims that follow. In the 
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embodiment of Figure 5A, additional details are provided regarding the frequency 
synthesizer aspects of the system. 

[052] In this embodiment a reference frequency F re f may be generated by any source, such 
as a crystal or other clean source, and provided to a first frequency synthesizer 504 and a 
5 second frequency synthesizer 508. The synthesizers 504, 508 may comprise any device or 
system capable of generating an output signal at a particular voltage where the voltage is 
related to the reference frequency F re f or a voltage related to the difference in frequency 
between a feedback signal and reference frequency F re f. In one embodiment the synthesizers 
504, 508 comprise one or more of a phase detector, frequency multiplier or divider, or 

10 charge pumps. It is also contemplated that the synthesizers 504, 508 may comprise pre- 
scalers and/or fractional modulators. It is contemplated that the synthesizers 504, 508 may 
generate more than one particular frequency or generate a single frequency. 
[053] The first synthesizer 504 connects to one or more voltage controlled oscillators 
(VCO) 512, 516 while the second synthesizer 508 connects to one or more voltage 

15 controlled oscillators 520, 524. The apparatus within the dashed lines 526, 528 may be 
referred to as a first phase locked loop (PLL) synthesizer 526 and a second PLL synthesizer 
528. Although two PLLs 526, 528 are shown, it is contemplated that any number of PLLs 
or signal generators may be provided. As such, the output of the VCOs 512, 516 is fed back 
to the first synthesizer 504 while the outputs of VCOs 520, 524 are fed back into the second 

20 synthesizer 508. Based on these feedback signals the synthesizers 504, 508 control the 
voltage level provided to the VCOs 512, 516, 520, 524 to thereby control the frequency of 
the signals output from the VCO's. 

[054] The VCOs 512, 516, 520, 524 also receive a control signal from selection logic 530 
that is configured to selectively activate one or more of the VCOs in either of the first PLL 
25 526 and/or the second PLL 528. It is contemplated that the first PLL 526 and the second 
PLL 528 contain multiple VCO and associated apparatus, and thus may be tuned to different 
frequencies responsive to input from the selection logic 530. It is contemplated that the 
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selection logic may receive an input Ci from a controller 534. In one embodiment the 
selection logic tunes the VCO to bring it precisely to the desired frequency. 
[055] In one embodiment the selection logic 530 comprises a capacitor bank with 
associated switching apparatus that received a control signal Ci from a controller 534. 
5 Figure 6 illustrates an example embodiment of a tuning bank. As shown, a tuning inductor 
600 connects to a first node 604 and a second node 608. A bank 612 of switched capacitors 
also connects to the first node 604 and the second node 608. In this example embodiment, a 
control signal is provided to the switches S to selectively integrate the capacitors of the 
capacitor bank 612 into the circuit. This in turn can be used to tune the frequency of a PLL 

10 or signal generator to a precise frequency. 

[056] Returning to Figure 5A, the outputs from the PLL synthesizers 526, 528 feed into 
limiter or buffer 540, 542 as shown. The limiters or buffers 540, 542 perform signal 
processing or filtering on the signal to convert or modify the received signals to a format 
that reduces electromagnetic coupling between signals. In one embodiment a limiter is 

15 utilized and configured to receive and convert a sinusoidal signal into a square wave signal 
or a signal resembling a square wave signal by peak limiting a signal. The limiter may be 
configured in any manner to process a received sinusoidal signal into a square wave signal. 
Use of a square wave signal may reduce electromagnetic (EM) coupling and phase 
distortion as compared to a sinusoidal signal. 

20 [057] In one embodiment a divider or multiplier circuit may be configured to receive the 
output of the VCOs 512, 516, 520, 524 and it may be configured to reduce harmonics and 
reduce circuit complexity. Thus, the devices 540, 542 may comprise a limiter, a buffer, a 
multiplier, or a divider, or some combination thereof. As can be appreciated it is possible to 
place the components shown in Figure 5 A in different arrangements without departing from 

25 the scope of the claim and that some elements may be omitted. Figure 5B illustrates a block 
diagram of an example embodiment of a divider or multiplier circuit. Thus it is 
contemplated that other configurations for a divider or multiplier circuit other than that 
shown in Figure 5B are possible. As shown a signal input connects to a logic device 580, 
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which in this embodiment comprises an XNOR device. An enable signal is also provided to 
the logic device 580 to selectively enable operation of the device. The output of the logic 
device 580 feeds into a scaler 584, which is configured to modify or tune one or more 
aspects of the logic device output. The scaler 584 may be configured to modify the 
5 magnitude, frequency, phase, or any other aspects of the logic device output. 

[058] Returning now to Figure 5A, in one embodiment the resulting output of the limiter 
or buffer 540, 542 comprises a digital signal. It is contemplated that the signals provided to 
the limiter or buffer 540, 542 are signals at different frequencies and likewise, the outputs 
from the limiters are different frequencies. Other forms of limit processing, tailored to 

10 reduce cross-coupling, may occur. It is further contemplated that in addition to the 
embodiment shown in Figure 5, the limiter or buffer 540, 542 may be located after the 
switch 550 instead of before the switch. In certain embodiments this may further reduce 
cross coupling or generation of unwanted harmonics. In addition, it is also contemplated 
that the limiter or buffer 540, 542 may be arranged in any combination either before the 

15 switch 550, after the switch, or both depending on the particular system design. It is further 
contemplated that with regard to certain embodiments and certain signal frequencies, use of 
a limiter or buffer 540, 542 may be entirely avoided which in turn may in some instances 
reduce generation of harmonics or cross coupling. 

[059] The outputs of the limiter or buffer 540, 542 connect to a switch 550 that is 
20 configured to output either input responsive to a control signal from the controller 534. A 
control signal from the controller 534 is also provided to a divider/multiplier 554. The 
divider/multiplier 554 changes the frequency of the signal output by the switch 550 to 
thereby scale the frequency upward or downward to generate a signal at the desired output 
frequency. The divider/multiplier 554 may comprise one or more counters, digital circuits, 
25 control logic, flip-flops, mixers or any other device or combination that is configured to 
modify the frequency of a received signal. 

[060] A filter 558 cleans or otherwise modifies the divider/multiplier 554 output signal to 
generate a signal that is in turn provided to an amplifier 562. The amplifier 562 may adjust 
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the magnitude of the signal and the output impedance of the signal generator to match the 
needs of subsequent circuits. In one embodiment the filter 558 transforms the digital signal 
from the limiters 540, 542 back to an analog signal. 

[061] The method and apparatus described herein has numerous advantages over systems 
5 of the prior art. As a result, a low noise, highly agile, cost effective, frequency synthesizer is 
provided that is capable of rapidly generating signals at a desired frequencies. In addition, 
cross-coupling is minimized. One advantage resulting from the method and apparatus 
describe herein is a reduction or elimination of EM coupling and cross contamination of 
signals generated by the first PLL 526 and the second PLL 528. In systems of the prior art 

10 this was a significant problem. In one embodiment this problem is eliminated or reduced by 
forcing the first PLL 526 and the second PLL 528 to generate signals, Fi and F2 in Figure 
5A, at frequencies that do not interfere, couple or generate cross-EMI. As described above 
in more detail, this may occur by spacing the frequencies of these signals sufficiently apart 
to minimize cross-coupling at the frequencies of interest, establishing the frequencies Fi and 

15 F 2 at non-integer multiples, or both. 

[062] Another advantage over prior art systems is use of a limiter or buffer 540, 542 to 
transform or process the signal to minimized cross-coupling within the switch 550. As a 
result of these mitigating factors it is contemplated that a less expensive switch may be 
utilized, such as for example, an integrated circuit switch may be utilized. 

20 [063] Because frequencies Fi, F2 are not at the final desired output frequency and not 
closely related, the divider/multiplier 554 modifies these signals to thereby generate a signal 
at the final frequency Sf 0u t (see Figure 5A). It is contemplated that since the final desired 
frequency f^ut is different from Fi and F2, the cross-coupling is further reduced or eliminated. 
Moreover, related frequencies are not presented to the switch 550 which in turn prevents 

25 cross-coupling within the switch, which is where cross-coupling can easily occur. 

[064] Yet another advantage is that the controller 534 synchronizes operation of the entire 
system thereby providing a dedicated location for control of the system. Thus, the controller 
534 synchronizes the selection logic 530 to tune the PLLs 526, 528 to the desired 
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frequencies while also controlling the switch 550 to output the proper signal and the 
divider/multiplier 554 to apply the proper frequency adjustment or scaling to generate the 
desired output signal at the output frequency. 

[065] Another advantage is that each PLL 526, 528 may generate a signal that at different 
5 times possesses a different frequency. Because each PLL 526, 528 may generate a different 
frequency, a fewer number of PLLs may be utilized thereby reducing space requirements 
and cost. 

[066] The method and apparatus described herein also has the advantage of rapid 
generation of signals at different frequencies. It is contemplated that the PLL 526, 528 may 

10 be both operational at the same time but generating signals of different frequencies. When a 
request for a signal is received by the controller 534 or generated by the controller 534, the 
switch 550 may quickly switch the output to the alternate switch input to thereby rapidly 
change the frequency of the output signal Sf 0u t. In this manner the second, or other, PLL 
may be tuned to the alternate frequency, settle to that frequency, and that signal can be ready 

15 for routing by the switch to the output amplifier 562. Another advantage over the prior art 
is that the need for an RF shield is eliminated or significantly reduced, and most of the 
functions and circuits can be integrated on an IC (integrated circuit) thereby reducing cost 
and size. 

[067] With these advantages in mind, an exemplary method of operation is shown and 
20 described. Figures 7A and 7B illustrate an operational flow diagram of an example method 
of operation of an example embodiment of the invention. To aid in understanding, the 
method of Figures 7A and 7B is described with reference to the system of Figure 5 A. Of 
course, a method may be practiced that omits some of the steps of Figure 7, but which does 
not depart from the claims that follow. In this method of operation it is desired to generate 
25 an output signal S ou t that may vary in frequency between frequencies F ou ti and F out2 . At a 
step 704, the operation provides a reference signal to two or more signal generators. The 
signal generators use the reference signal as a guide or starting point for frequency 
syntheses. At a step 708, the operation tunes a first signal generator to a frequency Fi while 
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at a step 712 a second signal generator is tuned to generate a signal at a frequency F 2 . The 
frequencies Fi and F 2 may be different than frequencies F ou ti and F ou t2, or at least one of the 
frequencies Fi and F 2 may be the same as one of the frequencies F ou ti and F ou t2- 
[068] It is contemplated that the frequencies Fi and F 2 are selected to minimize cross- 
5 coupling between signals. As described above, in one embodiment this is achieved by 
spacing frequencies Fi and F 2 substantially away from each other and from the desired 
output signal frequencies. In one embodiment Fi and F 2 are non-integer multiples of each 
other. In one embodiment Fi and F 2 are non-integer multiples of each other and of F ou ti and 

F 0 ut2- 

10 [069] At a step 716, the signal generators create signals Sn and Sq at frequencies fi and f 2 . 
These signals are provided, at a step 720, to limiters, buffers or filters that modify the signals 
S n and Sa to reduce cross-coupling. In one embodiment the limiters or filters transform the 
signals Sn and So to square wave signals. In one embodiment the processing by the limiters 
or buffer occurs after the switch. 

15 [070] At a step 724 the system may receive a request or generate a request to output a 
signal Sout at a frequency F ou ti - This may be in response to a request to change 
communication channels or for any other reason. Accordingly at a step 728 the controller or 
other device provides a control signal to the switch to cause the switch to output Sn to the 
divider/multiplier. As defined above, the term switch is defined to mean any switching 

20 device, including but not limited to a multiplexer, RF switch, PIN diode, or any other 
switching device. 

[071] At a step 732, a controller or other device provides a control signal to the 
divider/multiplier to implement appropriate frequency modification on the signal Sn to 
thereby create the desired output signal S out at a frequency F ou ti. The divider/multiplier 
25 changes the frequency of the signal received from the switch which in turn allows the 
signals generated by the signal generators to be at diverse frequency, which in turn prevents 
cross-coupling between the signals and within the switch. Absent the divider/multiplier the 
signal generators may be required to generate signals at almost identical frequencies, which 
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would in turn lead to unwanted cross-coupling that may render the system unusable. 
Thereafter, the signal S ou t at a frequency F ou ti is output from the system to subsequent 
components for subsequent processing of filtering or is output directly to a communication 
system or other device. 

[072] At a step 740, the system receives or generates a request to rapidly change the output 
signal Sout to a different frequency, in this example embodiment to F ou t2. In response to this 
request, at a step 744, the system sends a control signal to the switch to force the switch to 
output So instead of Sn. Likewise, at a step 748 the controller sends a control signal to the 
divider/multiplier to alter the scaling to the signal Sq to create an output signal S ou t at a 
frequency F ou t2. At a step 752 this signal may then be output from the system or subject to 
additional processing prior to being output. It is contemplated that optionally, at a step 
756, the system may output other signals at other frequencies as would be desired for system 
operation and as designed into the signal generators, switch, and frequency modification 
devices. Any number of frequencies could be generated. 

[073] As a result of the second signal generator being pre-tuned to and having the signal 
Sf2 generated and presented to the switch, the system may rapidly change the frequency of 
the output signal. Without having an alternative signal at the desired signal ready for 
switching the PLL may have to tune to the new signal frequency and allow the loop to reach 
the desired frequency. It is contemplated that the speed may thus be limited only by the 
switch speed. In other methods of operation, each signal generator may generate a signal at 
more than one frequency and responsive to a control signal each signal generator may be 
pre-tuned to a desired frequency such that upon receiving a request for an output signal at a 
different frequency the system may rapidly respond to the request. 

[074] The various embodiments shown in the figures and described above include 
numerous features, elements and methods of operation. It is fully contemplated that the 
various elements and methods of operation may be embodied or combined in any 
combination, either separately, or in conjunction with any other element as disclosed herein 
or as understood by one of skill in the art. 



CWM-W-0266 



23 



PATENT 

W&M Matter No. SKYWKS.0027P 
Skywork's Docket No.: 03SKY0020 

[075] While various embodiments of the invention have been described, it will be 
apparent to those of ordinary skill in the art that many more embodiments and 
implementations are possible that are within the scope of this invention. 
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